Objectives: To assess clinical outcomes and patient satisfaction in patients with chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) or multifocal motor neuropathy (MMN) who were switched from intravenous immunoglobulin (IVIG) to subcutaneous immunoglobulin (SCIG). Methods: Eight consecutive patients, four with MMN and four with CIDP, already on long-term, hospital-based IVIG were switched to home-based SCIG. These patients were selected on the basis of their requirement for relatively low treatment doses, problems experienced with IVIG, and their willingness to switch to SCIG. Results: After a mean 33 [standard deviation (SD) 19] months receiving SCIG, 7 patients remained neurologically stable and 6 remained on a similar mean weekly immunoglobulin dose relative to their original intravenous dose. A good outcome was reported by 7 of the 8 patients: there were improvements in nausea and headache (n = 4), need to travel to hospital (n = 4), venous access problems (n = 3), immunoglobulin-induced neutropenia (n = 3), treatment wearing-off fluctuations (n = 2), IVIG-induced allergy requiring antihistamine/hydrocortisone (n = 1) and time taken off work (n = 1). The eighth patient required increasing doses of immunoglobulin to maintain strength but still wanted to continue SCIG. Seven patients completed a questionnaire: there was a very high overall satisfaction level with immunoglobulin treatment [mean 96 (SD 5), visual analogue scale (VAS) where 0 = very unsatisfied, 100 = very satisfied]; and very strong preference for subcutaneous over intravenous immunoglobulin (VAS mean 93 [SD 12] where 0 = prefer IVIG, 100 = prefer SCIG). Conclusions: In seven of the eight patients, SCIG gave improved tolerability and patient satisfaction with similar efficacy compared with IVIG.
Introduction
Compared with intravenous immunoglobulin (IVIG) treatment, subcutaneous immunoglobulin (SCIG) can more easily be self-administered at home and has a lower incidence of adverse effects relating to peak immunoglobulin levels.
In multifocal motor neuropathy (MMN), SCIG has been reported as a convenient alternative to IVIG [Harbo et al. 2009; Eftimov et al. 2009; Misbah et al. 2011] . In a small-scale study, a switch to SCIG was shown not to adversely affect quality-of-life assessed by the Short Form 36 (SF-36) survey [Harbo et al. 2009 ] and no major adverse events were reported during follow up over two years [Harbo et al. 2010] .
In chronic inflammatory demyelinating polyradiculoneuropathy (CIDP), SCIG has also been shown to be effective, although cohort sizes were small and only two studies have assessed patient satisfaction [Cocito et al. 2011; Markvardsen et al. 2013 Markvardsen et al. , 2014 .
Here we report an assessment of clinical outcomes and patient satisfaction in a small group of patients with CIDP or MMN who were switched from IVIG to SCIG.
Case series

Methods
We introduced SCIG as a new clinical service available to suitable patients. This was a nonrandomized, partially prospective, observational study of patients switching from IVIG to SCIG as part of their routine clinical care, with subjective and objective assessment before and after the switch. We received institutional approval for this study as a service evaluation. We included consecutive patients with CIDP or MMN who (a) were already established on regular long-term IVIG, (b) were considered suitable for SCIG by the treating neurologist (R.H.), (c) were keen to switch and (d) required relatively low treatment doses (<25 g/week) of IVIG. The low dose requirement was because patients requiring lower infusion volumes would need fewer needle sites and/ or shorter or less frequent infusions, and thus would be likely to find SCIG more convenient. In addition we wished to prioritize the most suitable patients for this new clinical service. All patients met European Federation of Neurological Societies (EFNS)/ Peripheral Nerve Society (PNS) diagnostic criteria [Joint Task Force of the EFNS and the PNS, 2010a, 2010b]. All patients were under the care of the peripheral nerve service at King's College Hospital, London.
All patients underwent weekly training in a hospital day ward to learn how to administer SCIG until they were independently competent. During the study, SCIG was administered at home, usually once per week (every 10 days in patient #6), using Crono SCIG infusion pumps. Over 1 hour, 20-25 ml was infused per needle site (2-4 needles were required; 2 simultaneously into the thighs or abdomen). The first SCIG dose was given 1 week after the last dose of IVIG and the initial weekly dose of SCIG was calculated as the dose of IVIG divided by the IVIG treatment interval in weeks, rounded up or down to the nearest whole number of vials. The dose of SCIG was subsequently adjusted by the treating neurologist (R.H.) according to clinical state, not following any particular protocol.
Clinical follow-up included two validated assessment tools, the Overall Neuropathy Limitation Scale (ONLS, 0 = normal, 11 = worst) to assess disability [Graham and Hughes, 2006] , and Medical Research Council (MRC) sum score to assess muscle strength [Dyck et al. 2005] , modified by the addition of the first dorsal interosseous muscle to give seven muscles on each side (70 = normal, 0 = worst). We also developed and applied a written questionnaire (unvalidated) prospectively to assess treatment satisfaction with SCIG. We developed our own satisfaction questionnaire as we were unaware of any validated questionnaires for SCIG administration. Other clinical data were obtained retrospectively from patients' clinical notes.
Results
We included four patients with CIDP and four with MMN before and after the switch from IVIG to SCIG. Mean age was 57.4 [standard deviation (SD) 13.7] years. Patients had received IVIG for a mean 8.2 years (SD 6.6 years, range 1.1-19.3 years) before switching to SCIG. Patient characteristics are listed in Table 1 .
The main reasons for wishing to switch from IVIG to SCIG were: adverse effects attributable to IVIG (neutropenia, n = 3; nausea or headache, n = 2; allergy requiring antihistamine or hydrocortisone, n = 1); unacceptable fluctuations in weakness as IVIG wore off (1 patient); poor intravenous access (2 patients); distance from home to hospital (2 patients); and missing work to attend hospital (1 patient). Several patients had more than one reason. Regarding the patients with neutropenia, the minimum recorded neutrophil count while on IVIG was 0.28 × 10 9 /l in patient #6, 0.67 × 10 9 /l in patient #3 and 1.34 × 10 9 /l in patient #4; none had symptoms of sepsis attributed to neutropenia. All the above reasons were successfully resolved after switching.
At final clinical follow up, a mean 33 (SD 19) months after starting SCIG, all patients continued on regular SCIG. Seven of the eight patients reported a good outcome after switching to SCIG. There was substantial benefit, including where this had not been the main reason for switching, in nausea and headache (4 patients), travel convenience (4 patients), venous access problems (3 patients) and avoidance of wearing-off fluctuations (2 patients). Patients #3 and #4 reported minor neurological improvement. Although patient #4 had no objective outcomes measured, when last seen in the clinic he reported improved power in his upper limb and no longer had any end-of-dose fluctuation in weakness.
Adverse effects of SCIG were generally mild and infrequent. Three patients had no adverse effects from SCIG. Patient #5 had no adverse effects on Vivaglobin ® (16% SCIG), then when this product was discontinued by the manufacturer, she switched to Hizentra ® (20% SCIG) but developed an urticarial rash and malaise with most infusions, so switched to Gammanorm ® (16.5% SCIG) and had no more adverse effects. Patients #1 and #2 reported mild tiredness and patient #6 mild nausea, each for a few hours after SCIG, all less than six times per year.
Patient #8 (MMN) had a less good outcome but still preferred to remain on SCIG. His weakness worsened so he needed to increase his mean weekly SCIG dose by 44% and to have intermittent top-up doses of IVIG of 80 g approximately every 8-16 weeks. He had occasional tenderness at infusion sites. He developed painful perniosis (chilblains) of the toes of uncertain relationship to his treatment.
Compared with the calculated mean weekly dose of IVIG before switching, the mean weekly dose of SCIG at final follow up increased by a mean 5% (SD 22%) across the 8 patients (Figure 1) . The dose remained within 10% of the previous dose in six of the eight patients; a greater change was observed in the remaining two patients. In patient #6, the mean weekly SCIG dose fell by 33% from 20 g/week to 13.4 g/week; no attempt had been made to reduce the IVIG dose before switching. The patient started SCIG on 19.2 g every week and remained stable; he was keen to extend the interval for convenience, and therefore with agreement from his neurologist, the dose was changed to 19.2 g every 10 days without clinical deterioration. In patient #8, the dose was increased by 49% from 13.3 g/week to 19.8 g/ week due to clinical deterioration, though the patient regained his previous strength once on the new higher dose.
MRC sum and ONLS scores before and after switch to SCIG MRC sum scores were assessed by the treating neurologist before the switch to SCIG and a mean of 24.9 (SD 21.7) months following the switch; no patient worsened and a mean improvement in score of 0.7 (SD 0.8) was observed (Table 2) . ONLS was also assessed before and after switching to SCIG administration [mean 31.8 (SD 17.7) months after switch]; a trivial mean worsening in score of 0.3 (SD 0.5) was noted. The worsening of ONLS in patient #1 was because of a clinically insignificant change in the upper limbs from 'normal' to 'minor symptoms not affecting function'. Post-switch scores were not available in patient #4 who had emigrated to another country. Pre-switch ONLS scores were not available in another three patients who had started SCIG before this study began.
SCIG treatment satisfaction questionnaire
The SCIG treatment satisfaction questionnaire was self-completed by 7 patients (excluding patient #4 who had moved to another country), after having been on SCIG treatment for a mean 31 months (SD 22 months). Results are reported as mean (SD). The question 'Overall how strong is your preference for IVIG or for SCIG?' [(visual analogue scale VAS]; prefer IVIG = 0, prefer SCIG = 100) was scored as 93 (SD 12). 'Please rate how easy (or difficult) it is to give yourself your treatment?' (VAS; 0 = very difficult, 100 = very easy) was scored as 93 (SD 7). 'How easy has it been for you to arrange holidays, social outings or other activities around your immunoglobulin treatment schedule?' (VAS; 0 = very difficult, 100 = very easy) was scored as 89 (SD 22) . 'How would you rate your overall level of satisfaction with immunoglobulin treatment?' (VAS; 0 = very unsatisfied, 100 = very satisfied) was scored as 96 (SD 5). Mean infusion duration was 126 (SD 33) minutes, usually once per week. Of the five patients who answered the question 'Do you usually need the assistance of another person to carry out the infusions at home?', four responded 'No' (patients #1, 2, 3, 7) and one (#5) reported that she required occasional assistance due to syringe stiffness.
Discussion and conclusion
In this nonrandomized study four patients with CIDP and four with MMN were switched from hospital-based IVIG to home-based SCIG for various reasons including adverse effects of IVIG.
Most of the patients remained clinically stable on the same mean weekly dose of immunoglobulin when switched from IVIG to SCIG, in contrast to a previous report that suggested the dose of SCIG may need to be increased [Harbo et al. 2010 ].
Most had a smooth transition despite not using the gradual switch protocol developed by Misbah and colleagues [Misbah et al. 2011] . Although the mean weekly SCIG dose was found to be within 10% of the previous dose for the majority of patients, marked changes were observed in two patients. It is possible that patient #6 had previously been overtreated on IVIG as there had been no prior attempts to reduce the dose. Patient #8's increase may have been due to previous undertreatment on IVIG (80 g every 6 weeks) as a result of his reluctance to have IVIG administered more frequently.
Seven of the eight patients had a good outcome. The questionnaire showed high patient satisfaction with SCIG and a very strong preference for SCIG over IVIG. The reported reasons for switching were all successfully resolved after switching to SCIG, including fewer side effects, increased convenience and no wear-off effect.
These results are consistent with earlier studies demonstrating that SCIG is a viable alternative to IVIG administration. In one trial in CIDP, 20 (70%) of 29 patients who switched from IVIG to SCIG preferred to continue with SCIG at the end of the study [Markvardsen et al. 2013 ]. An open-label follow up to this study confirmed that SCIG preserved muscle strength and functional ability over 1 year [Markvardsen et al. 2014] . In a case series of five CIDP patients, four preferred SCIG administration at home [Cocito et al. 2011] . Case series of MMN patients also confirmed the suitability of SCIG as an alternative to IVIG, with no loss of efficacy [Eftimov et al. 2009; Harbo et al. 2009 Harbo et al. , 2010 Misbah et al. 2011] . Additionally, improvements in quality-of-life were reported in one study [Misbah et al. 2011] .
It is possible that some of the CIDP patients may have remitted and may no longer require immunoglobulin treatment. Following this study, we have now implemented a policy of periodically attempting dose reduction to ensure that the patients are receiving the appropriate treatment.
A limitation of this study is the potential for bias as, compared with a general population of patients, the patients who were selected to switch required relatively low doses and were themselves keen to switch to SCIG.
We have not attempted to calculate the cost difference between SCIG and IVIG as it depends on a number of factors. The immunoglobulin cost per gram varies in different countries and different hospitals, but is typically slightly more expensive for SCIG than IVIG. SCIG avoids the cost of admission to a hospital day unit with associated staff costs and the costs of the patient taking a day off work, but requires the involvement of a home care company for equipment and delivery. Overall, the cost difference is small and it is not clear which is cheaper.
In summary, in seven of the eight patients SCIG had similar efficacy and better tolerability compared with IVIG. Patient satisfaction was greatly improved after the switch to SCIG, with no marked change in weakness or disability. However, there is a need for randomized controlled trials to confirm these results. 
